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) NACA ARR No, L6AOS

A combination of two direct stresses can arise in s
plate if the Poisson effect produced by the application
of one direct stress is restrained or partially restrained
by members adjacent to the vlate, If the individusl
stresses can be evaluated, the effect of the combination
should be considered in investigating the stability of the
plate,

The energy method is used to derive interaction
equations that define the critical combinations of longi-=
tudinal and transverse direct stress for isotrepic flat
rectangular plates with the following four cases of edge
conditions:

o Case Long edges Sﬁg;t edges
o (a) giﬁ}lgwéupﬁgrted Simply supﬁorted
(v) Simply supported Clamped
(c) Clanmped Simply supported
(a) Clamped Clamped

Charts based upon the intersction equations sre presented
for these four cases,

he solution obtained for case (a) is exact, Fop
the other three ceses the soclutions obtained are approxi-
mate and, as is charscteristic of the energy method,
uniconservative, Comporisons with known exact solutions
and lower-limit solutions indicate, however, that the
errors 1in the present results are generally small,

SYMBOLS
a length of plate
b width of plate (b<a)
3 length-width ratio (a/b)
t thickness of plate

W deflection normal to plene of plate
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arbltrary deflection coefficient
longitudinal coordinate
transverse coordinate

number of longltudinal buckles
number of transverse buckles
elastic modulus of plate material

Poisson's ratio for plate material

. o . rt? \

flexural stiffrness of nlate —_—

tucdinal direct stress, neositive for compres-
3 & A

transverse direct stress, positive for compres-
gio

ky dimensionless stress coefficients
Ve ~ ) AN
<t b=t
ke = 0y —; k, = 0,
< X X " 2 D v N - 27\‘
N =/

INTERACTION CEHART

U.)

General Descripticn of Charts

3

o

direct-stress combinations for the four

e critical
s of edge restraint considered in the present paper
defined by the solld curves in the interaction charts
igures 2 to 5. Hach of the sclid curves is a plot of
critical value of ky against  for a given value
Ky. The parametors ky and ke are dimsnsionless

sures of the lonzitudinal and transverse direct stress,
pectively, and are defined by the formulas

bt

1
ﬂZD ()

ky = Ox
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combination of Xv, X, d B
i s nif the intsraction charta,
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inite buckls vattern. The dif-
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T le natterns are indicated on the caarts by
ts of values of m and n assizoeu W ferent
rezions. Thesc reglons are senara curves.
The T and n  are delin gnber of
2 (buclkzles) anu Ui
3

transverse
, Into whicn the I the

wlane of the unouck 1@@ nlate.

OO o

ke

B S gy b ey A ey D N S S o
tihe interaction cnarts ol flgures
SO EnerTEy sul*b;onns wntceh yield twe

i
t sotian eq et el S A -
SeraCcTlion QUETIONS. Cne of thesge sets of

seta t ’ A -
Tinns was fcun* to vae more accurate results in one por-

.
and less sceurats resuvlits in another
tner set of equaticns. The dotted c

5 to H serves as a demarcation curve
nortions of the chart. Although the
con ih;“ﬁ» ACYeSs 1h: charts, parts are

t e would colucide with

enercy soluticons upon which the 4wtera0tinn
are based are given in the appendix. The data

vlotting the charts en in tebles 1 to L.

The interaction charts can be used to check the sta-
Eility of « mlate sublected to kn\uA 1unﬂ*tbAénu1 and
tr maverse direct stresses or bo determine the critical

¢ direct stress corresponding fto a glven value

In er Lo < the stability of a “Wat@ with known
values of 0oy &nd Cys it 1s neceapsary first to calculate



of k kv, and B from eguations (1), (2),

3

and (%), res eobﬂvelj, and then to locate on the apnro-
riate cn9rt (derending on bound ary conditicns) that point
which is defined by the calculated values of kx and {.
The value of ky, assoclated with this point is the
critical value of ky for the plate. If the actual
value of Xy as calculated from equation (2) is higher
than the critical value, the plate is unstable for the
given loading. Conversely, 19 the actual value of ky

)

55 lower than the critical value, the plate is stable.

.

If ©x 1is known and it is required to find the cor-
DO NC alue of Oy the critical value

o ky 18 first obtained as just described. The critical
value of Oy can then bs calculated from the formula

2

=D

O'y = kf]‘ - (L'k)
bt

It Oy 15 known and it 18 required to find the critical
value of Oy for the plate, the valu kg and
ere first obtained from equatinns (2) an ) and the
point corresponding to tuese values is located on the
appropriate chart. The ordinate £ this point is the
ritical value of kx. The corresponding critical value
of ©x can then be obtained from the formula

R

2
)

ues ol
a
9]

T~

o8]

b o\

4

WzD
Cx Ky N
net

1

(5)

The use »7 the interaction charts will generally

involve interpolation between kK. -curves. The form of the
interactl n equations (A3) to (A1%3), upon which the charts
are based, indicates that for a given set of values of  {,
m, and n the critical value of ky varies linearly
with kx. Accordingly, linear internolation may be used

along any vertlical line segment between two adjacent
dashed curves or between a dotted curve and an acjacent
dashed curve. Tt can be shown, however, that linear
interpolation between two points that lie on opposite
sides of a dashed »r a dotted curve introduces =a small
error which tends to offset the error inherent in the
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energy solution. The use of linear interpclaticn between
ky~cwr g et all tives 1s thevefor chommund?d.
o L
Accurany of Charts

stress obtained by an energ 2y method is
y uncenservative; that is, it represents

' true critical stress I0 the asgumed.
true one, however, tUthe cpritical stress
?“r czes {a), all edges simply supported,

- W
’r"' ““'L,L. For the other cases it is

ortant to hav

reason tiae ““bil; fr X e85, u, and
5 /a0 o~ - "
and {(d)) ax : from

N T comparl=
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' a8y it to
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2 imit to
true interac :.:i N CUrVe
two curves ccompared. Con-
te close tougother, the

@ dn between the original publication of this
report aud jt* re-publication in the present form as a
ime Report, extenasive checks weres made by James Co
ck of bhe L~uﬁ*>y Laboratory statl't on the results
a ) Teamped. The checlk inz was done
v NACA TN No. 1103 entitled
piler liethiod of Findirg Upper and
Lower Liw to Critical Stresses o Clamped Plates" by
Bernerd Budiansky ana Pal C. Hu. The maximum crror in
ary of tho resul bs shewn in figure 5 or table L was
found to be about 3 rcent,
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rror in the upper-limit curve (present

interaction curve used in Ligure 6(a)
clon curve Tor a plate with all edges
9]
-
Lv

&
nown to represent a

1o he casge under congideration becausse, all
ot e equal, simole support along the short
ed boundcary conuﬁthn than CJaﬂD¢ﬂé 2018
the s The lo interaction curve used
in 1 UAK n rfom figurs 2 of
refer for an

infin Tkis curve 1s
known for the cases considered
in £1 an infinitely long ulate
must xling strength n
finit thickness beca

e €8,

those Jfust discussed-would
an incicavion of accuracy
because tne dlivergence
urves anc the lower-limit
nereases as po decreases

[ 9 g L
. g oame amme
ne tl” 1 Lnveracyvion

Heo .}}-‘"

TIVE EXAMPLE

Problem

built Into a

struc Lo = mav be asgsumed
to e et imy *} supported. The
nlate i ﬂmce,and 1/9 in

thick. r ti B is 10,000,000 psi
and Po 11g 1/ The problem is to
Cetermine the longl co asi stress Oy that
causcs buckling on the sssumumptlion, first, that the Polsson
effect (transverse exvension) takes vlace freely and,
second, that the Polsscon effect is o hplvt@l" prevenued

by members aCjacent to the plate

Tf the Poisson effect 1s allowed to %take place freely,
no transverse stress is induced in the pirate., Cornse-~
quently, o+ = 0 and, from equation (2), ky = 0. The
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igotropic flat rectangular
f edge restraint.

fl aeroq utical Laboratory
isory Committee for Aeronautics




10 NACA ARR No. LAAOS

APPENDTIX
CRITICAL COMBINATIONS OF DIRECT 3TRE3S FOR FPLAT RECTANGULAR
ETERMINED BY ENERGY METHCD

PLATES DETERM

The Energy lMethod

termined from the »nrin-
pplied loads during

@k ie equal to the elastic-strain energy stored in

the structure during buckling. If the structure under

conaideration m"t rectanguliar nlate vitthimple—

_L
sunport or clamp suge conditions, subjected to twn
G¢lrect stresses “e plane ol tre plate, this ejuality

(@]

ritical stresses are de
41
Ui

i
ciple that the work done by
‘ 7

)

-
L/
i

which 1s adapted

can ve rPLiL@H in the following form,
from equation (210) of reference L
» P A N I3} ¢
GX.L ! S \‘L X O'v.t { [\'/ aw\n d
s . cy ox + -—-Z—-» i { | — \ dy dx =
[ Ul s ~ -'X}r |’ i } y‘"/,/

grations are perlormed over the surface of
v can be shown {reference 6) that for a
o mt@a ith su the term

whert

R

noorted edges,

/ .,
5%y e e . f
i~i~§ on the right-hand side of equation (Al)
[avs
o
equation (Al)

AY
vadlames upon integration. Conseguently,

can be reduced to

frs N\

T i !{ r}.._W\ja d*f J v+ Iz r / oW \ dr dX‘_ =

L4 i i [ ] (7? Al ;,x.'y / / O j 3 2
fioN (KRN EAN y/

TN ANCE
[i fr \ 2
‘;2 { "/ E—}?.W f\tgw \ p
I + == dy ax (42)

me fJ' ‘L/ \\6}{")' oy /
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Along clamped short edges

Along clamned long sdges

f\' W
—_— )
oh's
Deflection Funchtions and Tuteraction Eguations

The deflect Ton functions and interactlion eguations
corresponding t ! ”lifprin+ buckle patterns can be
cbtalined by ass Qifferent cowmbinatlions of positive

f'o ng general
a
2

integral valves to m and n in the followl

equations. 1In esch of the cases (b), (c), and (d) two
es of deflection function were used. Those functions

sh were found to glve generally lower (and therefore

m
(4]

hic [
more accurate) results when transverse compression pre-
ominates are called “deflection functions 1. Those which
were found te give lower results when longitudinal com-
oression DTGC\u'th“ are called @efle“t*on functions 2.
Tn cach of fizures 3 to 5, a dotted demsrcation curve
senarates that region (below the cu“vc) zoverned by
ceflection £ ] from that ruohun (above the curve)
overned = functions 2. Portions of the
ted
hed

[P OTRYN
O
W g

[vy)

uirrves whiceh wuul‘ colnecide with »nortions of the
. o ] -
ve mitted in figures L. and 5.

[®]

Case {(a) all simply supported.-

Deflection functionss
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Intaraction equations:

=
N

m = 1

4
o]
3

) (s6)

)
&
"3
-4
i
A8}
AN
-
I
)
o
]
o]
i
}_1

-y i e T - P 3 - .2 .
long edges clamned, short edges sinply supported.

W = A sin —= lcosg Ao
P

e 0 L n2 7 \
Ky = :"'“ + = + ot~ (L - K‘) (ﬁ())
2. - e \2 A v/

on

3
i

-

for m =1, 2, 3 . . . anc
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ro
ON

.1l 0752
= L+ 2,67 + 107507 (L - ky) (A11)

1 and n = 1.

- o .2 . 1.2
Derflection funcliions £«

r . V. N -
o (m-1)mx (m+ 1 ‘L“;HTT e 1N 1 Ty
W A OO R em———— COS = e i o : }__ t _:_:_ .= \ + = cos
L &a a | !2 \ b2 L;_// 2 e

Limits of onlate:

N
M
|
+
Mo
-
a8
+
™
—
AN
[ae}
\J
t
O
~O
N

{y) (al2

ng 8 N 32 i 1
_ome o+ 6\m Pl + 2)4.3 + 9] (51L - ].2)_§Kv) (A13)

L’ =
X S -
e + 1) . m‘)‘ +

for m =2, 3%, L . . . and n = 1,

The interaction equations (A%) to (Al%) were used
in the preparation of the interaction charts of figures 2
to 5. The different reglons of the charts, as marked by
the dashed curves, are labeled with the values of m
and n that gave minimun values of kg for glven values
of  ky and . These values of m and n also define
the governing deflection function and indicate the buckle
pattern.
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TABLE 1
CRITICAL COMBINATIONS OF LONGITUDINAL AND TRANSVERSE DIRECT-STRESS COEFFICIENTS
FOR FLAT RECTANGULAR PLATES WITH ALL EDGES SIMPLY SUPPORTED
[Data for fig. 2]
ky
-3 -1 0 0.5 8.75 0.9 1.0 1.05
B kx p Kx g ke B ley g kx g kyx < ky 8 ky
1.000{87.00}1.000 | 5.00 {1.000 [°L.00|1.000 3.50/1.000| 3.25{1.000| 3.10}1.000{3.00|1.000 2.95
1.200| 6.22{1.100| 5.24{1.200} L4.13{1.189 b3 L111.200| 3.05{1.500 2.67]1.500}2.44} 1.500] 2.33
1.414 |v6.00}1.189 [5.53 |1.L1L |8L.50]1.500} 3.57 1.414{°3.00]1.778 [P2.63] 2.000|2.25] 2.000} 2.05
1.600] 6.12]1.682 PL..83{1.600| L.20}1.682 [85.77 1.800| 3.12]1.900| 2.64}3.000]|2.11}3.000 1.66
1.732|26.33}1.300| 5.21{1.800 L .oLj2.000] 3.50}2.000(83.25/2.515|82.79 1,.000{2.06j 44.000[ 1.26
1.900| 6.1041.500 | 4.90{2.000 b, .00[2.378|b3.4112.300| 3.09]2.700] 2.73 5.000|2.04} 5.000] .79
2.122%6.00|1.900 | L4.91}2.300} L.08]2.700 3.46[2.600| 3.01{3.000] 2.67
2.200| 6.05[2.060 {85.0612.449 al.17(2.912]23.53|2.828}v3.00{3.500] 2. 6L
2.L50|26.17}2.300 | L.87|2.700| L.OL|3.300] 3. L3]3.200] 3.03}3.557b2.63
2.600] 6.05|2.52% |°L.83]3.000|PL.00 3.568|b3.41]3.463[83.0813.800 2.6l
2.829 |26.00/2.700 ] L.85|3 .46l [al.08 L,.119(83.47] L. 243 |P3.00]L.200 2.67
3,163 86.10{2.913 [8L.95]|L.000[PL.00|L.757 b3 )1}}.899|83.04{L.355(22.68
3.536{06.00]3.100 | L.86|L.L72]8L.05 5.000| 2.6l
3.87% |96.07}3.36l |PL.83]|5.000 ©).00
Ly .2L3 [P6.00] 3.761 |8L4.90
1;.58% |#6.05] L.205 [°L.83
ly.606 12L..87
5.04610,.83
Ky
1.1 1.2 1.3 1.5 2 3 In
g ky B ky B ky B Ky B kx B ky g Ky
1.000 | 2.90| 1.000] 2.80 | 1.000{ 2.70}1.000} 2.50 1.000 | 2.00}1.000] 1.00 {1.000| ©O
1.200 | 2.55| 1.500| 1.99 | 1.500 | 1.77{ 1.500} 1.32 1.500 19| 1.250{ -.L48 J1.200 | -1.62
1.500 | 2.22| 2.000{ 1.45] 2.000 1.03 2.900| .25 |2.000 | -1.75}1.500}{-2.05 | 1.500 -4.3%0
2.000 | 1.85| 2.500f .91} 2.500 .2 i.ooo -2.39 | 2.500 | -L.03 | 1.750-3.80
2.500 | 1.5%| 3.000| .31} 3.000| -.59| 4.000(-5.9 2.000{-5.75
.000 | 1.21} 3.500| -.36 i.soo -1.5
000 | .46| L.000]|-1.1L} L.o0O | -2.7
5.000 | -.L46| L.500]-2.00 L.500 { -4.02

aCusp, indicating change in the number of
Pyt nimum point of a scallop.

longitudinal buckles.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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TABLE 2

CRITICAL COMBINATIONS OF LONGITUDINAL AND TRANSVERSE DIRECT-STRESS
COEFFICIENTS FOR FUAT RECTANGULAR PLATES WITH LONG EDGES
SIMPLY SUPPORTED AND SHORT EDGES CLAMPED

[Data for fig. 3 ]

ky
-10 -5 -2 -1 0 0.5 0.8
g ky B ey 8 ky B kx B Ky b Ky b kx
1.2901910.50]1.062 [#10.661.000 | 8.25 [1.000} 7.50{1.000} 6.75{1.000| 6.37[1.000] 6.15
1.489]210.58|1.500| 8.34}1.155 [P8.00 |1.100| 7.12}1.200f 5.86|1.200] 5.32{1.200( L.99
1.800] 9.76|1.617 | ®8.27{1.263 [#8.10 {1.278 [P6.90}1.520|P5 .46 [1.500f L.62]1.500] L.11
1.875] P9.7211.732| 88.33|1.500| 6.99 [1.398 |86.98]1.662}85.52{1.807 |PL.45]1.700] 3.82
1.994| 89.79]2.000§ 7.80{1.700| 6.57 J1.500| 6.23|2.000] L.85]1.977|8Lk.L9|2.000] 3.60
2.200] 9.Lh2|2.182) P7.73]1.923 [°6.43 l1.900] 5.71}2.300] L.61]2.300] L.08|2.272]P3.55
2.380| P9.33}2.320) 87.75}2.060 |26.48 |2.128 [b5.62]2.530PL.56 |2.700] 3.85(2.,,86(23.57
2.523| 89.38(2.500 7.53}2.200] 6.262.275 |85.65]2.711{&4.58 |3.009 [P3.81}3.000] 3.27
2.700] 9.18}2.769 ] 7.L1}2.L00 | .09 |2.600] 5.36[3.000] L.L1}{3.223|83.83|3.500] 3.16
2.898] bg.1112.936 | a7.45|2.595 [P6.0L f2.872{P5.30}3.415]bL.33|3.700| 3.683.78L]°3.1L
3.061) 29.15(3.372| b7.25|2.760 [86.07 [5.05L |85.32|3.632{8L .35 |4.061|P3.65 [L,.053 |83.15
3.425] ©8.9713.561| 87.2813.000 | 5.89 [3.6L6 [b5.12|L.335bL.21 ], .319 183,66 1L.500] 3.08
3.60%| 89.01]3.985 | ©7.15}3.290 [05.8% [3.86k {85.14|L.596]8k.2215.155|P3.56 |5.107 [P35 .04
3.957| ©8.89|L.193 | 87.18{3.L492 [25.85 [ .38 [5.03}5.278 |bL.1L
L.l7y 88.9214.60L | P7.09]L.010 [P5.71 |4.688 185.05
L.L92| ©8.83|L4.825 | 87.11{k4.236 [85.73 [5.2LL PL.97
L.6931 a8.86)5.228 | by.ol|L.739 {P5.6L
5.1,60 | 87.06{L.986 |85.66
5.475 [P5.60
ky
1 1.1 1.3 1.5 2 3 N
g ky B kx B kx p kx g ky & ky p ky
1.000 [6.00 {1.000 |5.92 | 1.000] 5.77|1.000 ] 5.62{1.000] 5.25}1.000] 4.5 [1.000} 3.72
1.100 |5.30 [1.100 |5.21 }1.100) 5.03/1.100 E.B 1.100 ﬁ.uo 1.500] .213{1.100] 2.50
1.200 ‘3.78 1.200 2.67 1.200 Z.hr 1.200 u.zz 1.200{ 3.70{2.000{-3.41 [1.200 | 1.39
1.300 [L.36 {1.400 |3.89 | 1.300 3.9§ 1.%00 | 3.73{1.400} 2.53]|2.300-5.75 1.3200 | .36
1.500 |3.78 }1.600 |3.37 [ 1.Loo] 3.60{1.400 | 3.3011.500{ 2.02 1.%00 -.563
1.750 |3.30 |1.800 [2.99 | 1.500| 3.27{1.500 | 2.93}1.600| 1.55 1.600 |-2.57
2.000 |3.00 |2.000 |2.70 } 1.600| 2.99}1.600 | 2.59{1.800| .66 1.700 |-3.56
2.500 |2.6L [2.300 |2.36 }1.700} 2.73]1.700 | 2.27 |2.000} -.19
i.ooo 2.4, |2.500 |2.16 | 1.800| 2.47}1.800 ] 1.97]2.200{-1.05
.000 [2.25 |%.000 }1.7% | 2.000} 2.03|2.000 | 1.L2}2.400]-1.92
5.000 |2.16 {3%.500 |1.35 | 2.200| 1.65{2.200 | .90}2.500 -2.58
.000 | .97 | 2.500] 1.13}2.400| .39{2.600|-2.8L
L.500 { .57 |3.000| .26{2.700| -.37}3.000|-L4.80
5.000 | .15 3.500 -.6L}3.000 |-1.17
.000 |-1.62]%.400 |~2.30
4.500(-2.71}3.800 {-3.53

4Cusp, indicating change in number of longitudinal buckles.
Pyinimum point of a scallop.
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NACA ARR No. L6AOD

TABLE 3
CRITICAL COMBINATIONS OF LONGITUDINAL AND TRANSVERSE DIRECT~STRESS COEFFICIENTS FOR FLAT
RECTANGULAR PLATES WITH LONG EDGES CLAMPED AND SHORT EDGES SIMPLY SUPPORTED
[Data for fig. h]

ky
-5 -2 0 1 2 3 3.5
[ kyx B ky B Ky B Ky B ky p ky B ky
1.090{P9.21{1.000| 8.38{1.000| 7.76{1.000} 7.38|1.000] 6.14 {1.000] L.90}1.056 {LL.27
1.335189.,7811.100( 8.08}1.100!} 7.34]1.006{87.421.107}86.56 §1.100] 5.02{1.300{ L .38
1.635{99.21|1.20L1P8.00f1.200| 7.11]1.100} 6.92(1.200] 6.21 {1.200] 5.22|1.400} L,.48
1.888{a9.48]1.300] 8.06{1.328P7.01}1.200} 6.66{1.200] 5.97 |1.295]85.46|1.530 {&L.65
2.180}%9.21]|1.400} 8.25]1.500( 7.15]1.423 fP6.43 |1.h00] 5.82}1.400] 5.21{1.700] L.LL
2.437129.38|1.h7L |88 .L6]1.627 |a7.39)1.600] 6.5L {1.566]|P5.7L |1.500] 5.06{1.900] L;.31
2.600{ 9.2 |1.600] 8.16]1.800] 7.11}1.743 [a6.76]1.800} 5.87 j1.700} L.Bgj2.115{bL .27
2.725]99.21]1.806|b8.00[1.992|P7.01}1.900| 6.54]1.918}26.01{1.832}0,.86]2.500} L.35
2.985]a9.3312.08588.23}2.200{ 7.10{2.135[P6.43|2.100} 5.822.100} 4.95]2.630 {8l;.39
3.2701b9.21f2.200] 8.09}2.301a7.2012.500} 6.5L 12.3L49105.7L 2.2l 1e5.06 |2.900 ] L .30
3.531]a9.29}2.408{P8.00}2.500} 7.05)2.46586.5912.600] 5.81{2.500} L.90 |3.173 |bL.27
3 .81L|b9.21|2.692]88.1L]2.657 [P7.01|2.700} 6.L5]2.712185.88 |2.748 [P, .86 (3.600] .32
L.078]29.2713.010|98.00}2.970 |&7.13|2.8L6 [*6.43 |3.132{b5.7, |5.000{8L.90 |3.685 jal..3),
L.360|P9.2113.297188.0913.221 |b7.01{3.182 |86.5% |3.501}85.82 [5.173 IPL.96 |;.231 fbl.27
L.62l1a9.26]3.611|P8.00}3.637{87.0913.558 |6.43 {3.915P5.7), [5.663 |8l .86 15.288 JoL..27
L.905}b9.21}%.901{28.07}3.985|v7.01}3.897 [26.50 |,;.288{85.80 |;.096 bl .92
5.170}89.25|4.213 [v8.00{L.305 |a7.07}L.270 {P6.L3 |L. 698 |P5.7L L.579 &L .86
5.450}v9.21 1k .50 |88 .05}k .6L9 {o7.01}L.612 {86.48 |5.074135.78 |5.017 [PL.90
4.816|v8.00{k.970 }27.05}4.981 [P6.43
5.108 |88.04|5.31% |b7.01}5.32} {86.47
ky
3.8 L.o 4.1 L.2 L.5 5 6
g kx g ky B ky B kx B ky g ky P Ky
1.000| 3.91{1.000] 3.6611.000 |3.53}1.000 5.30 1.000f 3.00 {1.000 a.gg 1.000| 1.00
1.200f 3.7L{1.250) 3.31[1.250 | %.10{1.250| 2.89]1.100} 2.68 J1.100) 1.8B fL.100| .26
1.392}b3 .70 [1.500] 3.11§1.500 {2.81}1.500 2.31 1.250f 2.27§1.250} 1.23 1.250| -.85
1.%00 3.70]2.000| 2.9112.000 |2.38{2.000] 1.85[|1.500} 1.61{1.500} .11 pp.500 |-2.89
1.600 3.&& ﬁ.ooo 2.7812.500 | 1.99{2.500 1.16{1.800} .81 {1.600} -.35
1.800} 3.8L {ly.000] 2.73}3.000 | 1.58}3.000} .38}2.000}] .25 2.000{-2.41
1.945{83 .94 15.000} 2.70{3.500 | 1.11}3.500} -.52}2.200} -.352]
2.000{ 3.91 .000 | .59}L.000}-1.5L412.500}-1.3%
2.200f 3.81 ly.500 ] .01}5.000{-3.9613.000}-3.22
2.300f 3.77 5.000 | -.62
2.500] 3.72
2.700{ 2.70
2.784%3 .70
2.900| 3.70
3,100| 3.72
2,200 3.7h
3.,08}23.78
l.176{%3 .70
L.820]|83.74
5.568]|2.70

8Cusp, indicating change in number of longitudinal buckles.
M1 ntmum point of a scallop.
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21 NACA ARR No. L6AOS
TABLE 4
CRITICAL COMBINATIONS OF LONGITUDINAL AND TRANSVERSE DIRECT-STRESS COEFFICIENTS
FOR FLAT RECTANGULAR PLATES WITH ALL EDGES CLAMPED
[ Data for fig. 5 |
ky
-10 -5 -1 0 1 2 3
B kx g Ky P ky B kx g ky B kx B ky
1.237[P13.21{1.200| 11.4L}1.045{811.38 1.009 Jb10.33{1.000{ 9.L0]1.000] 8.47]1.000 7.54
1.325(813.3111.379{P11.10{1.200] 10.01{1.103 [810.47/1.081} $.32]1.190|Y8.13[1.200 6.79
1.6691P12.25)1.477 [811.19{1.400] 9.16f1.200] 9.65|1.183}a9.4}1.301 a8.2311.392|%6.61
1.775]#12.32[1.600 10.70}1.592] ©8.9501.500| 8.L4L[|1.400] 8.19(1.500] 7.32|1.522]|26.68
2.000{ 11.80)1.861(°10.33]1.706| 89.01}1.680| ©8.28|1.700! 7.57|1.80G 6.7311.800] 5.93
2.1181b11.7411.979 |810.25{1.900f 8.55}1.801| 88.3L]1.801|b7.5] 1.981]P6.66[2.100f 5.59
2.2L61811.802.100] 10.13}2.148] b8.37}2.000| 7.93]|1.929|87.58 2.123186.7012.318 |P5.53
2.400§ 11.55|2.362| 9.92)2.285| a8.41]2.268 | b7.76|2.200| 7.182.L400] 6.37 2.483 Ju5 56
2.579|P11.46[2.50L | 29.97f2.500] 8.15}2.412) a7.81]2.430{b7.08 |2.67L|P6.28]2.800 5.33%
2,72, 1811.5112.700| 9.75{2.727| P8.06}2.600} 7.59]2.58L{87.12]2.8LL ag.3113.128 [b5,26
2.8004 11.41f2.876| P9.69]2.892| 48.10{2.889) 7.L9]2.800] 6.93|3.000 6.19]3.327 |a5.281
3.048b11.29|3.038} 89.7L13.321| ©7.89}3.052] &7.5213.08,]v6.8L 3.390{b6.0813.600| 5.16
3.2061811.33[3.399 | ©9.56]3.507| 87.92]3.506| ©7.3L]3.271[{86.87 [3.599 [26.11]3.971 [05.11
3.5211b11.1813.576 | 89.593.92L} b7.7913.700 | 87.37{3.756{v6.71|L.133 |v5.97]L.210 |25.13
5.6911811.2213.927 | ®9.L7|L.129] a7.82{l .13 | P7.25(3.967(86.74 |L.366 |85.99]L.835 {05.03
3.9791P11.11f4.116| 89.50(L.53L| b7.72|L.358 | &7.27|L.438]v6.63 |;.883 {°5.91]5.107 45,05
L.17é a1 L.459] 9.L1lk.752 87.75]4.785 | ©7.19|L.669]26.65|5.138 [85.93 5.71L {bL.98
L.657 [ #9.L4f5.148] P7.68[5.016 | 87.21{5.127|16.58 |5.6L2[95.87
5.377] 87.70{5.43L | ®7.15
ky
3.5 3.8 L.o L.2 L.5 5 6
g ky B ky B Ky B ky B kx g kx p Ky
1.000 | 7.08§1.000 | 6.80}1.000| 6.61 {1.000 | 6.43{1.000 6.18 1.000] 5.68}1.000| L.66
1.300 | 5.86f1.100 | 6.13}1.100§ 5.95 {1.100 | 5.7211.100} 5.38}1.100 | [.80]1.100] 3.2}
1.607 |5.5811.200 | 5.72{1.200| 5.L5 |1.200 | 5.18f1.200] L.78]1.200| L.00]1.200! 2.28
1.757 [85.63]1.300 | 5.39f1.300 E.og 1.300 u.gs 1.300] 4.20§1.300{ 3.30}1.200| 1.38
2.000 .17 11500 .15)1.5oo | L.78 |2.000 | 2.8L]1.500} 3.30{1.500 ) 2.09(1.Loo| .53
2.200 2.87 1.500 3.9 1.500} 4.51}13%.000 | 1.191.700} 2.56{1.700 ] .98}1.500]| -.33
2.675 {bl.77)2.000 | L.56{1.700} L.210 [ L.00O | -.51}2.000] 1.55{2.000} -.60{1.600|~1.13
2.866 lal.79]2.250 au.Eg 2,000} 3.70 | 5.000 |-2.54}2.200} .92{2.100 |-1.13}/2.000 |-4.90
%3.200 | L.63}2.300 | L.LB]2.500] 3.33 2.500) -.03
3.611 |bL.56}2.700 | L.23}3.000{ 3.13 %2.000§-1.71
3.841 |al.5813.128 |PL.1502.500]| 3.00
Lk.200 | L.49|3.351 |aL.17}L.000] 2.92
L.583 Ibl.4513.800 | L.oL)lL.500]) 2.87
4.859 |al.l7[k.221 |bL.00]5.000] 2.83
5.581 | bL.391L.490 jal.02
L4.800 | 3.96
5.359 |93.92

8Cusp, indicating change in
bMinimum point of a scallop.

the number of longitudinal buckles.
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NACA ARR No. L6AOS5

TABLE 5

22

COMPARISCNS OF RESULTS OF PRESENT INVESTIGATION WITH EXACT SQLUTIONS

Case (b): 1long edges simply supported, short edges clamped
Xy = O ky = 0
ky kx
g Exact solutlion | Present zolution [ Percent difference g |Exact solution| Present solution |Percent difference
(1) (2) (3) (4
11 7.69 7.76 0.9 1.0 6& 6.g2 0.1
= 1.2 9. 5. .3
135 6.3L 6.39 -8 1,)3 5,1‘_,3 5.31 1.1
1 1. 5.3 5.48 2.6
iy L.66 L.69 .6 1.7 5.33 5.4 1.5
3 6 N 2:38 5%‘ o2
13‘ 3.43 3.5 . 20 Egg Eez 0
< . . ) -9
1% 2.5, 2.56 .8 2.83 h'ﬁo h_ao o
2 1.92 1.94 1.0 3.0 L.n L.h 0
2-2' 1.51 1.53 1.3
Case (c): long edges clamped, short edges simply supported
ky = O ky = 0
ky Kx
B Exact solution| Present solution | Percent difference g [Exact Zz;lution Present solutlon |Percent difference
(5)
1 6.7h 6.75 0.1 %g 7.32 ;;i o.g
= . T. . .
1h 5.59 5.59 Y 1.% 7'(;2 7°0k 6
2 1. Te 7.33 -3
3 L.82 L.g2 0 1.8 7.06 7.31 5
2.0 6.98 7.01 2
2.1 7.00 7.04 .
3.0 7.05 7-.11 .9
Case (d): all edges clamped
ke =0 ky =0
ky kx
6 *E:xact solution] Preser(xgogolution }’ercent aifferencel p Exact(:ss)olution Preser()tll:;olution Percent differsnce
11 10.07(§’ 10.33 2.6 1.0 10,07 10.33 2.6
< 6.56(8) 6.62 .9 1.25 .25 3l 1.0
;1»3 B8y .86 L 1% §'ﬁ §§J{ 3
: g ’ : 2.0 7.88 7.93 4
2.5 757 7.63 1.6
3.0 T.37 T.51 1.9

lpererence 1, p. 3L5.

Value for
other values from equat

3Reference 1, p. 36l
rom equations (A5) and (A6).
SFrom equation (A8) with m = 1.

on (

g =1 based ugon e ue)ation
with

(ah) with n =2;
n =1,

bFig. 6 of reference 2.
Trrom equation (49).
Reference 3.
1omwer 1limit, reference ).
From equation (All).
prom equations (A12) and (413),
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Figure 2.- Critical combinations of longitudinal and transverse
direct - sfress  coefficients for flab rectanqular plates with
all edges  simply  supported.
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Figure 3.~ Critical combinations of longitudinal and fransverse
direct-stress  coefficients for flat rectanqular plates with
long edges simply supporfed and short edges clamped.
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Figure 5.- Critical combinations of longitudinal and fransverse
direct - stress coefficients for flat rectanqular plates with
all edges clamped.
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Figure ©.- Comparisons of present solutions wifh
lower limits.  B=4 .



